Proofreading of substrate structure by the Twin-Arginine Translocase is highly dependent on substrate conformational flexibility but surprisingly tolerant of surface charge and hydrophobicity changes.
The Tat system transports folded proteins across the bacterial plasma membrane, and in Escherichia coli preferentially transports correctly-folded proteins. Little is known of the mechanism by which Tat proofreads a substrate's conformational state, and in this study we have addressed this question using a heterologous single-chain variable fragment (scFv) with a defined structure. We introduced mutations to surface residues while leaving the folded structure intact, and also tested the importance of conformational flexibility. We show that while the scFv is stably folded and active in the reduced form, formation of the 2 intra-domain disulphide bonds enhances Tat-dependent export 10-fold, indicating Tat senses the conformational flexibility and preferentially exports the more rigid structure. We further show that a 26-residue unstructured tail at the C-terminus blocks export, suggesting that even this short sequence can be sensed by the proofreading system. In contrast, the Tat system can tolerate significant changes in charge or hydrophobicity on the scFv surface; substitution of uncharged residues by up to 3 Lys-Glu pairs has little effect, as has the introduction of up to 5 Lys or Glu residues in a confined domain, or the introduction of a patch of 4 to 6 Leu residues in a hydrophilic region. We propose that the proofreading system has evolved to sense conformational flexibility and detect even very transiently-exposed internal regions, or the presence of unfolded peptide sections. In contrast, it tolerates major changes in surface charge or hydrophobicity.